Background {#Sec1}
==========

Takayasu arteritis (TAK) is a rare, systemic vasculitis of the aorta and its primary branches. Disease onset is insidious, and rather nonspecific early symptoms may contribute to the significant diagnostic and therapeutic delay observed across cohorts of patients with TAK \[[@CR1]\]. In Scandinavia, annual incidence rates of TAK ranging from 0.4 to 2.0 per million have been reported \[[@CR2]--[@CR4]\]. Very recently, we established a population-based TAK cohort in Norway, and estimated the population point prevalence to 25 per million \[[@CR4]\].

Advancement and easier access to imaging modalities such as magnetic resonance imaging (MRI), computed tomography (CT)-angiography and more recently positron emission tomography/computed tomography (PET-CT) has eased the diagnosis of TAK and almost eliminated the need for more invasive angiography \[[@CR5]\]. The first studies on the use of MRI and CT angiography in TAK came around the millennium and PET-CT few years later \[[@CR6]\]. In the population-based cohort from Norway, we found that the incidence rate of TAK doubled during the last decade, most likely due to increased use of noninvasive imaging \[[@CR4]\].

Observational cohort studies have indicated wide variation in TAK treatment regimens across geographical areas. Before 2000 almost half of the patients in the National Institute of Health (USA) cohort were treated with disease-modifying antirheumatic drugs (DMARDs), mostly methotrexate and azathioprine. In Japanese and Indian cohort studies from the same time period, patients received prednisolone monotherapy \[[@CR7]--[@CR9]\]. More recent TAK studies indicate a shift towards more aggressive DMARD use in patients with active disease \[[@CR10]--[@CR13]\], albeit not in all countries \[[@CR14]--[@CR16]\]. Treatment with TNF-alpha inhibitors (TNFi) or other biologic agents was infrequent in these studies (1--6% of patients); with the exception of the study of Hoffman et al., in which 15% of patients were on TNFi \[[@CR13]\].

There are no randomized controlled treatment studies in TAK. The main reasons for this are the obvious rareness of the disease and the lack of validated outcome measures and disease activity scores \[[@CR17]\]. The open-label/observational treatment studies of patients with TAK have included limited patient numbers and they have mostly reported short-term effects on systemic inflammation and prednisolone reduction \[[@CR18]--[@CR27]\]. A major aim of treatment is to reduce or prevent organ damage and preserve function. Hence, it appears rational to prioritize vascular damage prevention as a major therapeutic goal in TAK. However, so far, there is no TAK treatment study that has analyzed in detail the effects of medication on vascular damage accrual. In this study, the major aims were to assess time trends, diagnostic delay, therapeutic approaches, arterial lesion accrual, remission rates and residual disease activity in a population-based TAK cohort.

Methods {#Sec2}
=======

Study cohort {#Sec3}
------------

In 2013 we established a population-based cohort that included all patients with TAK who were resident in the South-East Norway area (population 2.8 million) in the time period between 1999 and 2012. Details on acquisition strategies, case identification methods and inclusion criteria and data variables retrieved from medical charts have been described \[[@CR4]\]. Briefly, inclusion criteria were the American College of Rheumatologists (ACR) classification criteria \[[@CR28]\] and/or the modified Ishikawa diagnostic criteria for TAK \[[@CR29]\]. Records of all patients who fulfilled the study inclusion criteria with disease onset after 40 years of age were re-examined to exclude large vessel vasculitis better classifiable as giant cell arteritis and/or polymyalgia rheumatica \[[@CR4]\].

In the current study, we included all 78 patients with TAK (68 female) from the population-based South-East Norway TAK cohort, and an additional 19 patients (17 female), who were referred to Oslo University Hospital (OUH) from departments outside South-East Norway.

Early and late cohort {#Sec4}
---------------------

Patients were divided into an early cohort, diagnosed up to and including 1999 and a late cohort, diagnosed in 2000--2012. When comparing vascular damage accrual (see below) the early cohort was defined as patients with disease onset up to and including 1999 and the late cohort as patients with disease with onset up to and including 2000. Diagnostic delay was defined as the time from the first symptom/sign compatible with TAK recorded by chart review, to the time of the TAK diagnosis.

Angiographic classification {#Sec5}
---------------------------

Patients were classified according to the angiographic classification of the International TAK Conference in Tokyo 1994 \[[@CR30]\] on the basis of the distribution of the lesions as follows: type I (branches of the aortic arch), type IIa (ascending aorta, aortic arch and its branches), type IIb (ascending aorta, aortic arch and its branches and thoracic descending aorta), type III (thoracic descending aorta, abdominal aorta and/or renal arteries), type IV (abdominal aorta and/or renal arteries), and type V (combined features of types IIb and IV). In addition, we included an additional lesion category, called pre-stenosis. This category was defined by vessel wall changes consistent with vasculitis identified on imaging, i.e. wall thickening identified by MRI and/or CT or 18-fluorodeoxyglucose (18-FDG) uptake by PET-CT.

Disease activity {#Sec6}
----------------

Disease activity was assessed using the proposed National Institute of Health (NIH) study criteria \[[@CR7]\]. These criteria define active disease by new onset or worsening of two or more of the following four items: (1) systemic features such as fever (no other cause identified), (2) elevated erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP), (3) features of vascular ischemia or inflammation (such as limb claudication, diminished or absent pulse, bruit, pain over large vessels, asymmetric blood pressure), and (4) new vascular lesion(s) identified on imaging studies, i.e. new stenosis or new dilatation (not previously diagnosed). Disease remission was defined as resolution of clinical and laboratory features of active disease and the absence of new vascular lesions on sequential imaging studies. Sustained remission was defined in those who met these conditions for at least 6 months while on a stable treatment regimen with \<10 mg prednisone/day. In analyses of disease activity at the last follow up, we only included patients who had data available on all four NIH criteria.

Time course of new vascular lesions and vascular damage accrual rate {#Sec7}
--------------------------------------------------------------------

Patients with at least 10 years follow up and regular/multiple imaging datasets were used to decide the time to development of the last new vascular lesion. In these patients, we calculated the median time from diagnosis to the occurrence of the last new vascular lesion by imaging. This time was defined as the median time to the development of the last lesion.

For the analyses of vascular damage accrual rates, we included all patients who had at least two sets of imaging data available. The vascular damage accrual rate in the early cohort was estimated by the following equation; (total number of vascular lesions at the last follow up minus total number of vascular lesions at diagnosis) divided by the median time to the last lesion, and given as number of new lesions per 100 patient years. The vascular damage accrual rate in the late cohort was estimated by the number of new lesions between the first and last imaging divided by time between the first and last imaging, and given as number of new lesions per 100 patient years.

Event-free survival time {#Sec8}
------------------------

The event-free survival time was defined as the length of the time period from initiation of a new therapy to identification of the first new lesion by imaging. Analyses of event-free survival times were only performed in patients in whom we had access to annual imaging and clinical follow-up data for up to 5 years following initiation of treatment.

Statistical analyses {#Sec9}
--------------------

Continuous data are presented as mean with standard deviation or range and categorical data are presented as numbers (percent). The means were compared by the independent samples *t* test or Mann-Whitney *U* test and the proportions were compared by the chi-square test or Fisher's exact test as appropriate. A *p* value \<0.05 was considered significant.

Results {#Sec10}
=======

Characteristics of the study cohort {#Sec11}
-----------------------------------

The study cohort included 97 patients with TAK. The population and referral cohorts were comparable in age, gender and ethnicity (Table [1](#Tab1){ref-type="table"}). Altogether, 392 MRI and 108 CT angiography examinations, 245 ultrasound examinations of the neck arteries and 198 PET-CT examinations were available for analysis, and the patients had a median of 10 disease-related visits at Oslo University Hospital during the observation period. The median number of imaging studies available for each patient in the early versus late cohorts, respectively, were; MRI angiography (3 versus 4), CT angiography (1 vs 1), Ultrasound of neck arteries (1 vs 3) and PET-CT (1 vs 2).Table 1Characteristics of the patientsTotal cohortPopulation cohortReferral cohortYear of diagnosis1999 or earlier2000 onwardsPatients, *n* (%)97781925(26)72(74)Female, *n* (%)86 (89)69 (93)17 (89)24 (96)62 (86)Caucasian, *n* (%)77 (79)59 (80)15 (79)21 (84)56 (78)Asian, *n* (%)12 (12)4 (16)8 (11)African, *n* (%)7 (7)0 (0)7 (10)Age at onset, mean (SD)28.8 (13)30.4 (14)26.3 (11)27.3 (12)^a^29.2 (13)^b^Age at diagnosis, mean (SD)33.9 (15)33.9 (15)32.6 (14)29.3 (13)34.4 (15)Age \<16 years at onset, *n* (%)12 (12)4 (16)8 (11)Age \<41 years at onset, *n* (%)76 (78)58 (74)18 (95)\*21 (93)55 (77)Age \>50 years at onset, *n* (%)11 (11)8 (11)1 (5)2 (8)9 (13)Follow up time (years), mean (SD)11.7 (12)27.5 (13)6.2 (3)Deceased (by end of 2013), *n* (%)9 (9)5 (6)4 (21)\*9 (38)0 (0)Disease onset 1999 or earlier, *n* (%)39 (42)Disease onset from 2000 onwards, *n* (%)55 (58)^a^Available in 16 patients. ^b^Available in 68 patients. \**p* \< 0.05 for the referral compared to the population cohort

Diagnostic delay {#Sec12}
----------------

The mean time from first symptoms/signs compatible with TAK to diagnosis (diagnostic delay) in patients with disease onset up to and including 1999 was 91.5 months (SD 134) compared to 14.5 months (SD 22) in patients with later onset. Detailed analyses of the late cohort showed that the diagnostic delay declined further from 2000 onwards, reaching a mean of 8 months (95% CI 2.8--9) in patients with disease onset between 2010 and 2012 (Table [2](#Tab2){ref-type="table"}).Table 2Diagnostic delay and disease extension at diagnosis in patients with disease onset in different time periodsDisease onset1990--19992000 − 20042005 − 20092010 − 2012Patients, *n*18132612Diagnostic delay, months, mean (SD)63 (41)27 (35)14 (18)8 (7)0--6 months, *n* (%)0 (0)3 (23)14 (54)6 (50)7--12 months, *n* (%)2 (13)4 (31)5 (19)4 (33)13--24 months, *n* (%)3 (19)2 (15)3 (12)2 (17)\>24 months, *n* (%)12 (69)4 (31)4 (15)0 (0)Angiographic type at diagnosis, n (%) Pre-stenosis0 (0)2 (15)4 (15)4 (33) I10 (56)9 (69)14 (54)5 (42) 2A0 (0)0 (0)1 (4)0 (0) 2B1 (6)0 (0)1 (4)1 (8) 30 (0)0 (0)1 (4)0 (0) 41 (6)0 (0)0 (0)1 (8) 56 (33)2 (15)5 (19)1 (8)Vascular lesions in total, *n*63326226Lesions per patient, *n* (mean/median)3.5/32.5/22.4/22.3/2Arterial stenosis, *n* (%)51 (81)28 (87.5)45 (72.6)19 (73.1)Arterial occlusion, *n* (%)7 (11.1)3 (9.4)7 (11.3)2 (7.7)Arterial dilation/aneurisms, *n* (%)5 (7.9)1 (3.1)10 (16.1)5 (19.2)Patients with aneurysm, *n* (%)2 (11.1)1 (7.7)3 (11.5)1 (8.3)Patients with onset before 1990 and patients with unknown onset were not included

Angiographic findings at diagnosis and last follow up {#Sec13}
-----------------------------------------------------

In both the early and late cohort, patients had a median of 2 arterial lesions at diagnosis. All the patients in the early cohort had at least one arterial stenosis at the time of the diagnosis, whereas 20% of patients with disease onset after 1999 were diagnosed in a pre-stenotic phase, i.e. with abnormal wall thickening identified by MRI and/or 18-FDG uptake consistent with arteritis identified by PET-CT (*p* = 0.04) (Table [2](#Tab2){ref-type="table"}). All the patients diagnosed in the pre-stenotic phase fulfilled the modified Ishikawa diagnostic criteria (they all met the third major criterion and the two minor criteria of elevated ESR/CRP and carotodynia).

At the last follow up, patients in the early cohort had developed a median of 3 new lesions and had on average 5.4 lesions (SD 2.8), compared to a median of 1 new lesion and a total of 3.5 lesions (SD 2.1, *p* \< 0.001) in the late cohort (see Additional file [1](#MOESM1){ref-type="media"}).

At the last follow up, angiographic type V was the most frequent type in the early cohort, whereas type I (supra-aortic lesions only) was the predominant type in the late cohort (Fig. [1](#Fig1){ref-type="fig"}). There were significant differences in treatment regimens in patients who went from the pre-stenotic type or type I to the more diffuse type (II-V) during follow up compared to patients who did not change type (see Additional file [2](#MOESM2){ref-type="media"}). Altogether, 11% of the patients in the late cohort were still pre-stenotic at the last follow up, at a mean of 3.8 (SD 2) years after diagnosis.Fig. 1Angiographic type at diagnosis and at last follow up in early and late cohort patients and population and referral cohort patients

Angiographic differences between the population and referral cohorts {#Sec14}
--------------------------------------------------------------------

At diagnosis, there was a higher frequency of type V lesions in the referral group than in the population cohort (42% vs 10%, *p* = 0.008, OR 4.9 (1.6--15) (Fig. [1](#Fig1){ref-type="fig"}). Additionally, there were no pre-stenotic cases among the referral patients. At follow up, these differences persisted; type V was seen in 63% of the referral patients compared to 28% in the population cohort (*p* = 0.006, OR 4.4 (1.5--12.5). Consistently, the referral patients had a mean number of 5.9 (SD 2.8) lesions at the last follow up compared to 3.9 (SD 2.7) in the population group (*p* = 0.009).

Time trends in TAK treatment strategies {#Sec15}
---------------------------------------

Treatment regimens differed between the early and late TAK cohorts (Table [3](#Tab3){ref-type="table"}). In the early cohort, all patients were started on oral prednisolone, while in the late cohort 25% of the patients initially received high dose (usually 1000 mg) methylprednisolone intravenously for 3 consecutive days (Table [3](#Tab3){ref-type="table"}). Among the early cohort 67% of patients were still on prednisolone (6.25 mg mean daily dose) at the last visit, with mean treatment duration of 214 months (SD 123).Table 3Overview of the medication applied in the TAK cohortTreatmentAt diagnosisAccumulatedAt last visitcohortEarlyLateEarlyLateEarlyLatePrednisolone p.o, *n* (%)14 (70)59 (86)24 (100)63 (91)16 (67)53 (77)Metylprednisone i.v. *n* (%)^a^017 (25)\*\*2 (8)22 (32)\*\*01 (1.4)Any DMARDs, *n* (%)1 (4)35 (51)\*\*\*13 (54)61 (88)\*\*\*7 (29)51 (74)\*\*\* Methotrexate1 (4)28 (41)\*\*\*11 (46)55 (80)\*\*\*5 (21)42 (61)\*\*\* Azathioprine07 (10)7 (29)18 (26)2 (8)8 (12) Mycophenelate mofetil01 (4)3 (4)01 (1.4) Cyclophosphamide^b^2 (8)6 (9)4 (17)7 (15)00Any biologic, *n* (%)003 (13)30 (44)\*3 (13)23 (33)\* Infliximab002 (8)29 (42)\*\*1 (4)16 (23)\* Etanercept002 (8)3 (4)1 (4)1 (1.4) Adalimumab001 (4)3 (4)1 (4)3 (4) Tocilizumab001 (4)5 (7)03 (4)Other medication, *n* (%) Acetylsalicylic acid2 (8)32 (46)\*\*16 (67)47 (68)13 (57)41 (59) Statin1 (4)16 (23)16 (67)34 (49)13 (57)32 (46)The early cohort (n = 24) included all patients diagnosed before year 2000, and the late cohort (n = 63) included patients diagnosed between 2000 and 2012. *p.o.* oral, *i.v.* intravenous. ^a^Usually as 1000 mg daily for 3 consecutive days. ^b^Given as i.v. treatment 6 × 15 mg/kg. Significant differences between the cohorts are indicated: \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001

In the early cohort, 4% of patients received DMARDs from the time of diagnosis, while in the late cohort, 51% received up-front treatment with DMARDs (*p* \< 0.001, OR 19.5 (2.5--154) (Table [3](#Tab3){ref-type="table"}). In the early cohort, 13% of patients had used TNF inhibitors, compared to 44% in the late cohort (*p* = 0.02, OR 4.3 (1.2--16.3).

Time course of arterial lesions and arterial damage accrual rates {#Sec16}
-----------------------------------------------------------------

We performed analyses of 17 patients with regular imaging data available through a median of 14 years follow up. Their time from diagnosis to development of the last new arterial lesion was a median 10 years, defined as the number of years at risk in the cohort. During a total of 288 patient years at risk, the early cohort patients developed 56 new arterial lesions compared to 30 new lesions during 289 patient years at risk in the late cohort. This corresponded to an arterial damage incidence rate of 19.4/100 patient years at risk in the early cohort and 10.4/100 patient years in the late cohort (*p* = 0.004).

Event-free survival across time and therapies {#Sec17}
---------------------------------------------

Annual imaging data during the first 5 years after TAK diagnosis was available in 44 patients diagnosed from 2000 onwards. In this subset of patients, we analyzed the proportion of patients without new arterial lesions during a defined time period (i.e. progression-free survival identified by imaging). The frequency of patients without new arterial lesions during a 5-year period was higher in patients diagnosed in 2010--2012 (59%) than in patients diagnosed in the time periods 2005--2009 (39%) and 2000--2004 (29%) (Fig. [2a](#Fig2){ref-type="fig"}).Fig. 2**a** Proportion of patients diagnosed in different time periods event-free, without new vascular lesions by years follow up. Patients at risk at 1 year numbered 14 in the 2000--2004 (*00 − 04*) group, 23 in the 2005--2009 (*05--09*) group and 17 in the 2010--2012 (*10--12*) group. \*Comparison of the proportion of patients who were event-free in different study periods (chi-square test) after 5 years follow up. **b** Treatment regimen in the same time period. *iv* intravenous, *po* oral tablets, *gcs* glucocorticoid steroids, *DMARDS* disease-modifying antirheumatic drugs

Development of arterial lesions as a function of treatment strategy {#Sec18}
-------------------------------------------------------------------

After 2 years of therapy, new lesions had developed in 3/32 patients (10%) on TNF inhibitors (with or without DMARDs) compared to 16/40 (40%) on DMARDs with or without prednisolone; OR 0.13 (0.03--0.6). In patients on prednisolone monotherapy, new lesions were evident in 14/15 patients (92%); OR 0.02 (0.003--0.156) (Fig. [3a](#Fig3){ref-type="fig"}). TNF inhibitor treatment was initiated at a mean of 36 months (SD 41) after diagnoses. The mean time on TNFi was 42 months and during the time on TNFi the patients had undergone 114 MRI angiography examinations (median 4), 73 ultrasound examinations (median 2) and 49 PET-CT examinations (median 1).Fig. 3**a** Event-free time, proportion of patients without new vascular lesions on different treatment. TNF inhibitor treatment included either infliximab (27 patients) or etanercept (5 patients) +/- disease-modifying antirheumatic drugs (*DMARDs*) and prednisolone. DMARD treatment included methotrexate or azathioprine + prednisolone, total 40 patients. Prednisolone monotherapy, 15 patients. \*Comparison of the proportion of patients event-free in different treatment arms (chi-square test) after 5 years follow up. **b** Disease activity at the last visit. *[NIH]{.ul}* (National Institutes of Health) disease activity score

Disease activity at the last follow up {#Sec19}
--------------------------------------

Thirty-two patients used TNFi therapy combined with DMARDs with or without prednisolone. At the last visit, 44% of the patients had TNFi-sustained remission (NIH disease activity score = 0 for at least 6 months on \<10 mg prednisolone) up to 5 years after initiation, compared to 20% of patients on DMARDs with or without prednisolone (*p* = 0.03, OR 3.2 (1.07--9.6) (Fig. [3b](#Fig3){ref-type="fig"}).

Discussion {#Sec20}
==========

To our knowledge, this is the first longitudinal population-based study on diagnostic delay, treatment and outcome in TAK. We found a significant shortening in the diagnostic delay across the study period, and observed that patients who received more aggressive treatment regimens (including TNFi) had reduced vascular damage and higher sustained remission rates.

Diagnostic delay fell during the study period. At the same time we found that a substantial fraction of the patients in the late cohort were diagnosed in the pre-stenotic stage. This highlights the need for new angiographic classification systems for TAK. Notably, a similar fall in diagnostic delay and disease extension across time has been reported in Japan \[[@CR14]\].

During the study period a shift towards more aggressive up-front therapy (intravenous methylprednisolone combined with initial use of DMARDs) and subsequent addition of TNFi occurred parallel with a shorter diagnostic delay and more aggressive treatment, and the patients accumulated less vascular damage.

Still, many patients diagnosed after 1999 developed new lesions, 60% of them after 2 years of follow up. The progression then flattened out. Previous studies defining disease activity according to the NIH criteria have shown that a substantial proportion of patients with inactive disease (NIH = 0 or 1) develop new lesions, probably due to smoldering inflammatory vessel activity \[[@CR7]\]. There is a lack of published data on how frequently patients who are in sustained remission (NIH = 0 for at least 6 months, on prednisolone \<10 mg) develop new lesions. The discrepancy between the NIH disease activity score and uptake of 18-FDG could indicate that the NIH activity score is not sensitive enough but further studies are needed to clarify this issue. The goal in the treatment of TAK should be remission/sustained remission and at present the NIH score is the best remission monitoring tool available in clinical practice. Unfortunately, the current study indicates that this goal is not easily accomplished in TAK, since 42% of the patients were not in remission at the last visit.

Comparisons between our population-based cohort and the referral cohort showed that the referral patients did differ significantly in disease characteristics. They had more arterial lesions and widespread disease both at the time of diagnosis and at the last follow up, with angiographic type V being the most common. In fact, their disease characteristics were more similar to patients in cohorts from highly specialized tertiary centers \[[@CR10], [@CR31]\]. This underlines the importance of obtaining unbiased data from unselected population cohorts.

One of the strengths of our study is the population-based setting, reducing referral bias. Moreover, a large number of data were available for analysis in most of the patients included. A limitation of this study was that the acquisition of clinical information was partly based on retrospective review of medical records, with some data missing. A potential weakness could be that all the charts at OUH, and the incoming medical records from the local hospitals were reviewed solely by the study principal investigator (BMG), but efforts were made to overcome biased judgement by having discussions with the co-authors on a case-by-case basis.

Conclusion {#Sec21}
==========

The diagnostic delay grew shorter during the study period. Fewer new vascular lesions developed as the patients were treated more aggressively from earlier on with a combination of prednisolone, DMARDs and TNF inhibitors. In particular, the introduction of TNF inhibitors seemed to halt disease progression. Still, many patients developed new lesions and were not in remission at the last visit.
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Additional file 1: Table S1.Vascular lesions at the time of diagnoses and at the last visit in patients diagnosed before 2000 (early cohort) and after 1999 (late cohort) (DOCX 18 kb) Additional file 2: Table S2.Comparison of treatment regimen in patients who did and did not change angiographic type during follow up. Four patients who were in remission at the time of diagnosis and received no treatment and six patients with insufficient clinical data are not included in the table. Significant differences between the cohorts are indicated by bold type, with corresponding *p* values given in the footnotes (DOCX 15 kb)
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